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ABSTRACT 

Alexander,   Michael  Howard.      MSCE ,   Purdue  University,   June    1970. 
Development   of  an  Economic  Warrant   for   the  Construction  of  Right-Turn 
Deceleration  Lanes,     Major  Professor:      Harold  L.   Michael. 

The   objective   of   this    research  was    to  develop  an  economic  warrant 
for    the   construction  of  right-turn  deceleration   lanes.      To  achieve 
this   objective,   delays   and   accidents   to   through  vehicles   caused  by 
right-turning   vehicles  were   studied  at   three    field   sites  with  right- 
turn  deceleration   lanes  and  at   seven   field   sites  without   such  decelera- 
tion  lanes.      Delays  were   studied    for    the  daylight-weekday  hours, 
Monday    through  Friday,    6  A.M.    to  6  P.M. 

It  was    found    that  delays    to    through  vehicles  caused  by   right- 
turning  vehicles  were   virtually  eliminated  at    the   sites  with   right-turn 
deceleration   lanes.      Accidents   considered   preventable  with  a   right-turn 
deceleration   lane   did   not  occur  at   the    three   sites  with   such  decelera- 
tion  lanes;    however,   a    few   such  accidents   did   occur   at   almost  every 
site  without   iight-turn  deceleration   lanes. 

A  regression  equation  was   developed    that  can   be   used    to  predict 
the    seconds  of  delay  per  hour    to   the   approach   through   traffic   caused 
by  right-turning  vehicles.      A  similar  equation  to  predict  accidents 
reliably  could  not   be  developed   because  of  data    limitations. 

This  lesearch  proposes    that  an  economic  warrant   be   used    for 
determining  when  a   right-turn  deceleration   lane   should   be   constructed. 
Such  construction  becomes    feasible  when   the  annual   economic   benefits 


vii 


resulting  from  decreased  daytime  delays  are  equal  to  or  exceed  the 
annual  costs  of  constructing,  operating  and  maintaining  such  a  lane. 
In  marginal  situations,  other  benefits  such  as  reduced  night  time 
delays  and  fewer  accidents  should  also  be  considered. 


INTRODUCTION 

One  problem  Chat  exists  today  on  many  rural  highways  and  on 
many  urban  streets  at  the  intersection  approaches  and  at  entrances  to 
traffic  generators  is  that  there  is  no  storage  space  and/or  deceleration 
space  provided  for  turning  movements.   The  effect  of  this  design 
omission  is  to  require  turning  vehicles  to  decelerate  in  the  traffic 
stream  to  a  slow  speed  so  that  the  turn  can  be  made.   The  results  are 
delays  and  accidents  to  some  of  the  vehicles  in  the  traffic  stream. 
Delays  result  from  the  slowing  down  of  non-turning  vehicles  as  they 
pass  through  the  intersection  area.   Accidents  are  caused  by  the 
increased  speed  differentials  between  through  vehicles  and  turning 
vehicles.   Benefits  to  the  highway  system  from  an  increased  use  of 
deceleration  lanes  may  be  lower  costs  to  the  traveling  public.   These 
costs  may  be  lower  because  there  will  most  likely  be  less  delay  and 
fewer  accidents  where  deceleration  lanes  are  used. 

This  particular  research  project  was  concerned  with  deceleration 
lanes  for  right  turns  at  intersections  and  other  access  points.   At  the 
selected  study  locations  there  was  stop  control  for  the  traffic  crossing 
or  entering  the  highway  being  studied  and  no  control  for  the  through 
traffic.   If  there  were  stop  control  for  the  through  traffic,  it  would 
always  be  delayed  at  the  intersection  or  access  point  and  deceleration 
lanes  would  not  be  applicable. 


The  purpose  of  this  research  project  was  to  develop  warrants  for 
deceleration  lanes  for  right  turns  at  intersections  and  other  access 
points.   It  was  hoped  that  warrants  could  be  developed  which  would  use 
traffic  volumes  as  the  measure  of  the  need  for  deceleration  lanes  be- 
cause volumes  are  easily  obtained. 

Designers  frequently  have  employed  deceleration  lanes  on  high 
volume  highways  where  the  number  of  right  turns  was  estimated  to  be 
large.   Such  use  was  justified  by  the  minimization  of  conflicts 
between  numerous  right-turning  and  through  vehicles.   The  designer, 
however,  had  few  guidelines  for  including  such  deceleration  lanes  on 
moderate  and  low  volume  roads.   This  research  project,  therefore,  was 
restricted  to  highways  carrying  between  2500  and  16,000  vehicles  per 
day,  with  emphasis  on  the  2500  to  7000  volume  highways. 


REVIEW  OF  LITERATURE 

A  Policy  on  Geometric  Design  of  Rural  Highways  (1)   states  that, 
"deceleration  lanee  always  are  advantageous,  particularly  on  high 
epeed  roads,  because  the  driver  of  a  vehicle  leaving  the  highway  has  no 
choice  but  to  slow  down  on  the  through  traffic  lane  if  a  deceleration 
lane  is  not  provided.   The  failure  of  following  drivers  to  brake  due 
to  inalertness  is  the  cause  of  many  rear-end  collisions." 

Some  observations  about  speed-change  lanes  have  led  to  the  follow- 
ing conclusions  by  the  AASHO  Policy  Manual  (1)  noted  above: 

"(e)     Speed- change  lanes  are  warranted  on  high  speed  and 
on  high  volume  highways  where  a  change  in  speed  is 
necessary  for  vehicles  entering  or  leaving  the 
through  traffic  lanes. 

"(b)   All  drivers  do  not  use  speed-change  lanes  in  the  same 
manner,  some  utilizing  little  of  the  facility 
available,  but  aa  a   whole  these  lanes  are  used 
sufficiently  to  improve  the  overall  safety  and 
operation  of  the  highway. 

"(c)  Utilization  of  speed-change  lanes  varies  with 
volume,  with  the  majority  of  drivers  using 
them  at  high  volumes. 


"(e)   Deceleration  lanes  on  the  approaches  to  intersections  at 
grade,  which  also  function  as  storage  lanes  for  turning 
traffic,  are  particularly  advantageous,  and  experience 
with  them  generally  has  been  favorable.   Such  lanes 
reduce  hazard  and  increase  capacity.   ..." 


* 


The  numbers  in  the  parenthesis  refer  to  numbers  in  the  bibliography. 


The  Manual  of  Geometric  Design  Standards  for  Canadian  Roads 

and  Streets  (3)  states  recommendations  for  constructing  a  speed-change 

lane  which  include: 

"(a)   at  an  intersection  when  the  numbers  of  decelerating 
or  accelerating  vehicles  compared  to  the  through 
tiaffic  volume  would  create  undue  hazards,  .  .  ." 

However,  in  the  AASHO  Policy  Manual  (1)  it  is  stated  that: 

"Warrants  for  the  use  of  speed-change  lanes  cannot  be  stated 
definitely.   There  are  many  factors  to  be  considered, 
namely:   speeds,  traffic  volumes,  capacity,  type  of 
highway  and  service  provided,  arrangement  and  frequency  of 
intersections,  accident  experience,  etc.   .  .  ." 

Furthermore,  in  the  Canadian  Design  Manual  (3)  it  is  stated  that, 

"it  is  impossible  to  give  precise  warrants  for  the  use  of  intersection 

auxiliary  lanes." 

During  a   review  of   the   literature   no  studies  were    found    that 

attempted    to  establish   such  warrants    for  deceleration   lanes.      The 

purpose   of   this    research  project  was    to  establish  warrants    for    the 

construction  of  right-turn  deceleration   lanes. 


PLAN  OF  STUDY 

One  type  of  warrant  possible  of  determination  is  an  economic 
warrant,  the  conditions  under  which  benefits  received  from  construction 
of  a  right- turn  deceleration  lane  exceed  the  costs  of  constructing  and 
maintaining  such  a  lane.   An  evaluation  of  such  benefits  at  several 
field  sites  in  the  vicinity  of  Lafayette,  Indiana,  and  comparison  of 
such  benefits  with  the  costs  of  a  deceleration  lane  were  initial  goals 
of  this  research. 

The  major  benefits  that  accrue  from  the  use  of  a  deceleration  lane 
are  less  delay  and  fewer  accidents  to  the  through  traffic  on  the 
highway.   If  an  economic  value  could  be  placed  on  the  above  two 
quantities,  these  values  would  be  economic  benefits  accruing  from  the 
use  of  a  right-turn  deceleration  lane. 

As  current  design  procedures  recommend  the  use  of  a  deceleration 
lane  on  high  volume  roads  (1),  it  was  decided  to  lestrict  this  study 
to  low  to  moderate  volumes  on  two  lane,  two-way  highways.   Such  roads 
are  most  common  for  such  volumes  and  the  absence  of  a  deceleration  lane 
on  two  lane,  two-way  roads  is  more  restrictive  to  through  vehicles  than 
such  absence  on  multilane  roadways.   On  two  lane,  two-way  roads 
through  vehicles  have  less  opportunity  to  pass  the  turning  vehicle 
because  of  opposing  traffic  in  the  passing  lane  and  consequently 
suffer  greater  delays. 


To  select  field  sites,  the  investigator  drove  all  two  lane, 
two-way  roads  in  the  vicinity  of  Lafayette,  Indiana.   Extension  of  the 
study  to  more  distant  locations  was  not  attempted  because  of  time 
restrictions  of  the  investigator  and  the  belief  that  geographic  location 
of  the  sites  would  not  be  a  major  factor  in  evaluating  time  and  safety 
benefits. 

Sites  were  desired  which  had  a  range  of  right  turns  from  few  to 
many.   Access  points  to  commercial  activities,  schools,  and  other  traffic 
generators  as  well  as  highway  intersections  were  given  consideration. 

Ten  sites  were  finally  selected,  of  which  three  had  deceleration 
lanes.   The  reason  ten  locations  were  used  is  that  this  number  provided 
reasonable  coverage  of  the  volume  range  desired  and  included  locations 
with  and  without  deceleration  lanes.   Ten  was  also  the  practical  number 
of  locations  that  could  be  studied  in  the  time  period  of  this  research 
project. 

Sites  with  deceleration  lanes  were  studied  so  that  the  effects  of 
a  deceleration  lane  on  delay  times  and  accidents  could  be  substantiated. 
The  AASHO  Policy  Manual  (1)  infers  that  delay  times  and  accidents  will 
be  substantially  reduced  or  virtually  eliminated  where  a  deceleration 
lane  is  used.   It  was  felt  desirable,  however,  to  verify  this  belief 
and  determine  the  amount  of  benefits  by  field  observation  of  three  sites. 

The  weekday-daylight  hours,  Monday  through  Friday,  6  A.M.  to  6  P.M., 
were  chosen  as  the  time  periods  in  which  delay  data  would  be  collected. 
These  time  periods  were  chosen  because  they  contained  the  majority  of 
the  traffic  during  the  day  and  contained  most  of  the  work  traffic,  those 
trips  which  would  benefit  most  from  a  reduction  in  delays.   The  daylight 


hours  were   also  more   amenable    to   collection   of   delay   data. 

The   20-pen  recorder   used   to   record    the   delay   times  could  operate 
for   an  uninterrupted  period  of   three  hourg.      Therefore,    the  maximum 
time  period  used   for   study   at  a    site  was   three  hours.      A  sample   of  data 
collected  at  a   site  consisted  of  delay  and  volume  data    for  a   one-hour 
period. 

Three    locations  were   studied   for    two  one-hour   periods  and    the 
remaining  seven  sites  were   studied    for  at   least   three  one-hour   periods. 
Data  were  collected  at   some   of   the   seven  sites   for  nine   one-hour 
periods    (three  consecutive  one-hour   periods   at  a    time)   on  different 
weekdays    in  different  weeks.      Delay  data  were   collected   on  all    five 
weekdays  and    for   different    time  periods  during  each  day   so   that   the 
data   obtained  would   be    representative   of  delay  during   the   daylight- 
weekday    hours,    6  A.M.    to    6  P.M. 

The  accident   data   at  each   site  were    studied  by   reviewing   the 
accident   records    filed  by    the   police    investigators. 


PROCEDURE 

Study  Locations 

The  nine  intersections  and  one  major  access  point  that  were 
studied  are  located  in  Tippecanoe  County,  Indiana  (Figure  1).   The 
ten  locations  are  detailed  in  Figure  2  and  the  geometries  of  each 
location  are  given  in  Appendix  A.   The  approximate  1970  population 
of  the  county  was  100,000. 

Study  locations  were  chosen  where  traffic  crossing  or  entering 
the  through  highway  at  an  intersection  or  access  point  was  required 
to  stop.   This  type  of  control  was  selected  because  if  there  were 
stop  control  for  the  through  traffic  it  would  always  be  delayed, 
a  condition  not  appropriate  for  study  in  this  research. 

The  study  locations  had  the  following  characteristics: 

1.  No  traffic  control  for  the  through  traffic 

2.  Stop  control  for  traffic  crossing  or  entering  the 
through  highway 

3.  Access  to  through  highway  was  at  an  approximate 
right-angle 

4.  Rural  or  urban  location 

Of  the  ten  locations,  two  intersections  and  the  one  access  point 
had  deceleration  lanes.   Access  points  without  deceleration  lanes 
were  not  studied  because  no  major  access  points  on  two  lane,  two-way 
roads  could  be  located.   Summary  characteristics  of  the  study  locations 
are  given  in  Table. 1. 
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FIGURE  1.   INDIANA  COUNTY  MAP 


10 


FIGURE  2.   MAP  OF  TIPPECANOE  COUNTY  WITH  RELATIVE  LOCATIONS 
OF  STUDY  SITES 
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Delay   Data 

The  delays   that  were  measured  at   the   ten  study   locations  were 
delays   to   through  vehicles   caused  by  right-turning  vehicles  during 
daylight-weekday  hours,    6  A.M.    to  6  P.M.      As  noted   earlier,   a  20-pen 
recorder  was  used   to  record  data   pertinent   to   through  vehicle  delays. 
This  equipment  was   readily  available   and  permitted  a   complete  analysis 
of  delay    times. 

Equipment  used    in   the   collection  of  delay  data    included: 

1)  a  20-pen  recorder 

2)  relay  boxes 

3)  road  tubes 

4)  electrical  wire 

5)  push  button  box 

6)  12  volt  battery 

7)  traffic  counter 

A   typical    field   setup  of   this  equipment    is   shown   in  Figure   3; 
and  a   diagram  of   the   equipment  connections   is   shown   in  Figure  4. 
A   sample   of  a    section  of   20-pen   recorder    tape    is    shown   in  Figure   5. 
Although  20  pens    (lines)  were   available  only  eight  were  used.      Each 
one  of   the  pens  when  actuated  moves  perpendicular    to   the   parallel    lines 
on   the    tape  and   leaves  a   blip.      The  pens    that  were  used  and   the   data 
shown  by  each  are  as    follows: 

1)  pen   1    -    identified  a   vehicle  as  a   passenger  or 
commercial   vehicle 

2)  pen  2   -    showed   the  number   of  right-turning  vehicles    in  a 
queue 
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3)  pen  3  -  indicated  a  delay  to  a  study  vehicle  caused 
by  a  right- turning  vehicle 

4)  pen  6  -  indicated  a  study  vehicle  was  cancelled 

5)  pen  7  -  noted  when  a  vehicle  crossed  tube  A 

6)  pen  8  -  identified  a  vehicle  as  being  a  study  vehicle 

7)  pen  13  -  showed  the  stopped  time  to  a  study  vehicle 
delayed  by  a  right-turning  vehicle 

8)  pen  17  -  noted  when  a  vehicle  crossed  tube  6 

When  an  approach  vehicle  crossed  tube  A  an  impulse  was  sent  to 
the  relay  box  and  then  through  the  wire  to  pen  7  on  the  recorder.   If 
this  were  a  study  vehicle,  then  pen  8  was  actuated  to  identify  the 
blip  on  line  7  as  a  study  vehicle.   The  first  study  vehicle  for  each 
period  of  operation  was  a  selected  approach  vehicle  that  crossed 
tube  A.   As  soon  as  this  vehicle  passed  through  the  study  area  or  was 
cancelled,  the  next  approach  vehicle  to  enter  the  study  area  was 
the  next  study  vehicle.   If  the  study  vehicle  went  through  the  entire 
study  area,  it  crossed  tube  8  and  caused  a  blip  on  line  17.   Pen  8 
was  then  actuated  to  identify  this  blip  as  the  study  vehicle  leaving 
the  study  area.   If  a  vehicle  being  studied  did  not  pass  through  the 
entire  study  area,  pen  6  was  actuated  to  cancel  the  vehicle.   While 
a  study  vehicle  was  passing  through  the  study  area,  pen  3  was  actuated 
if  the  vehicle  was  delayed  by  a  right-turning  vehicle.   If  a  study 
vehicle  was  delayed  by  anything  other  than  a  right-turning  vehicle, 
the  study  vehicle  was  cancelled  by  pen  6. 

The  study  area  was  defined  to  be  the  distance  between  a  point 
before  an  intersection  or  access  point  where  a  through  vehicle  was 
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influenced  by  a  right- turning  vehicle  and  a  point  after  the  inter- 
section where  a  through  vehicle  had  resumed  its  initial  approach 
speed.   This  was  the  distance  between  road  tubes  A  and  B  in  the  field. 
This  distance  varied  from  approximately  550  feet  to  1050  feet  because 
of  differences  in  the  approach  speeds  at  the  different  study  locations. 

Two  people  were  used  at  each  field  location.   One  observer 
operated  the  push  button  box  which  was  connected  to  the  20-pen  recorder, 
and  the  other  observer  counted  the  number  of  right  turns  and  left 
turns  in  the  approach  traffic  and  classified  each  vehicle  as  passenger 
car  or  truck. 

The  data  collected  and  the  delays  obtained  are  shown  in  Table  2. 

The  seconds  of  delay  per  hour  to  the  approach  through  traffic  in 
Table  2  were  calculated  from  the  observed  delay  to  a   portion  of  the 
hourly  volume  using  the  following  formula: 
SDH  =  V  •  P  •  T 


where 


SDH  =»  seconds  of  delay  per  hour  Co  the  approach 
through  traffic  caused  by  right- turning 
vehicles 
V  =  approach  through  traffic  per  hour 
P  =  percentage  of  studied  through  vehicles 

delayed 
T  =  difference  in  the  means  of  the  times 

of  travel  through  the  study  area  between 
the  delayed  and  non-delayed  vehicles  for 
that  portion  of  the  through  traffic  for 
which  delay  was  measured. 
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Data  for  the  three  varlabLes  used  to  calculate  delay  were  recorded 
on  the  20-pen  recorder  tapes.   The  recorder  was  operated  at  a  speed 
of  six  inches  per  minute.   It  was  possible  to  calculate  the  time  of 
every  vehicle  that  traveled  through  the  entire  study  area  by  knowing 
the  speed  of  the  recorder,  the  distance  on  the  tape  between  a  vehicle 
entering  and  leaving  the  study  area,  and  the  field  distance  of  the 
study  area.   The  through  volume  was  calculated  by  multiplying  the 
approach  volume  by  a  factor  which  was  the  number  of  through  vehicles 
studied  divided  by  the  total  number  of  study  vehicles. 

From  the  field  data  it  was  observed  that  at  the  sites  having 
deceleration  lanes  delays  incurred  by  through  vehicles  were  extremely 
small.   This  is  shown  in  Table  3.   This  finding  is  in  agreement  with 
the  inference  in  the  AASHO  Policy  Manual  (1)  mentioned  in  a  previous 
section  of  this  report.   It  was  concluded,  therefore,  that  for  two 
lane,  two-way  highways  carrying  low  to  moderate  volumes,  right- turn 
deceleration  lanes  do  eliminate  almost  all  delay  to  through  vehicles. 

Accident  Data 
The  accident  analysis  was  concerned  with  those  accidents  at  the 
ten  study  locations  occurring  1963  through  1969  which  involved  light- 
tuining  vehicles  and  through  vehicles  and  which  probably  could  have 
been  prevented  with  the  use  of  a  deceleration  lane.   Such  accidents 
were  considered  to  be: 

L)   rear-end  accidents  resulting  from  a  right- turning 

movement .  and 
2)   sideswipe  accidents  involving  a  vehicle  overtaking  a 
i ight- turning  vehicle 
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The  accident  records  of  the  Lafayette  Police  Department,  the 
West  Lafayette  Police  Department,  and  the  Indiana  State  Police 
were  studied.   The  information  was  taken  from  the  standard  investigating 
officer's  accident  report  form. 

Police  records  were  studied  for  the  seven  year  period  1963-1969. 
All  the  available  records  were  studied  to  obtain  the  number  of 
accidents  that  occurred  and  to  determine  if  any  accidents  reported 
were  of  the  two  types  considered  as  preventable  by  a  right- turn 
deceleration  lane. 

The  result  of  the  accident  data  investigation  is  shown  in  Table  4. 
From  this  accident  data,  it  was  observed  that  at  the  sites  having 
deceleration  lanes  there  were  no  accidents  involving  a  through  vehicle 
and  a  right-turning  vehicle.   This  finding  is  also  in  agreement  with 
the  inference  in  the  AASHO  Policy  Manual  (1)  previously  mentioned  in 
this  report.   However,  as  Table  4  shows,  a  few  accidents  that  involved 
a  through  vehicle  and  a  right- turning  vehicle  did  occur  at  all  but 
one  of  the  locations  without  deceleration  lanes. 
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ANALYSIS 

Regression  Technique 

An  equation  Chat  relates  a  dependent  variable  to  a  number  of 

independent  variables  is  often  called  a  regression  equation  (5,7). 

A  regression  analysis  is,  therefore,  a  technique  that  tries  to  relate 

some  dependent  variable  to  some  independent  variables  by  means  of  an 

equation.   A  linear  regression  analysis  tries  to  find  a  linear 

equation.   The  linear  regression  equation  can  be  of  the  form: 

Y  =  B  +  B.X,  +  B„X„  + +  B  X 

o    1  1    2  2  n  n 

A 
where  Y  is  the  predicted  value  of  the  dependent  variable  Y  for  the 

given  values  of  the  independent  variables  X,  and  X..   B   is  the  Y- 

1       2     o 

intercept  and  B.  and  B  are  the  partial  regression  coefficients 
which  tell  how  a  unit  change  in  X  or  X- ,  respectively,  would  change 
Y,  provided  all  the  other  independent  variables  were  held  constant. 

In  using  a  linear  regression  equation,  one  assumes  that  this  type 
of  equation  is  valid  for  the  data  obtained.   Various  tests  ate  available 
to  evaluate  the  validity  of  this  assumption. 

The  method  used  to  determine  the  regression  equation  was  the 
stepwise  regression  procedure;  this  procedure  also  provides  pertinent 
data  from  which  an  examination  of  the  regression  equation  can  be  made. 
This  procedure  enters  into  the  regression  equation  the  independent 
variable  most  highly  correlated  with  the  dependent  variable.   The 
next  independent  variable  to  enter  is  the  one  with  the  highest 
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partial   correlation  with    the  dependent  variable,    taking   into  account 
the   previously   entered    independent  variables    in   the   regression  equation. 
At  each  stage    the   variables    in   the  equation  are  examined.      An 
independent  variable  which  may  have   been   the   best  variable    to  enter 
at  a   previous   stage  may  be  dropped    from  the  equation  at  a    later   stage 
because   of   its   relationships  with  other  variables    in   the  equation. 
This  evaluation    is   accomplished  by  checking   the  partial   F-value 
of  each   independent   variable    in   the  equation  at  any   stage  against  a 
preselected  F-value.      This   partial   F-value    shows   the  contribution  of 
a   variable    to   the   equation  as    though   it  had  been   the    last  variable 
entered.      If   the  partial   F-value    is    less    than   the  preselected  F-value, 
the   variable    is   dropped    from  the  equation   because    it  does   not  make   a 
significant  contribution   to   the   equation.      This  process  continues 
until   no  more   variables  enter   or   leave    the   equation. 

Delay   Times 

The  dependent  variable  being  predicted  in  this  regression  analysis 
16  the  seconds  of  delay  per  hour  (SDH)  to  the  approach  through  traffic 
caused  by  right-turning  vehicles.   The  independent  variables  are  the 
variables  used  to  predict  the  delay. 

The  legression  analysis  was  performed  on  a  CDC  6500  computer  with 
the  BMD2R  (8)  program.   The  BMD2R  program  is  a  computer  package  that 
performs  the  stepwise  regression  analysis.   The  analyses  reported  in 
this  section  were  performed  at  an  Q-level  of  0.05. 

The  independent  variables  that  were  considered  initially  (Stage  1) 
are  shown  in  Table  5.   The  means  and  standard  deviations  are  shown  in 
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TABLE  5 
INDEPENDENT  VARIABLES  -  DELAY  ANALYSIS,  STAGE  ONE 

Number  Variable  Description 

2  Grade  of  Approach,  Percentage 

3  Width  of  Approach,  Feet 

4  Average  Speed  Through  the  Study  Area  for  a 
Non-Delayed  Through  Vehicle,  Feet  Per  Second 

5  Average  Speed  Through  the  Study  Area  for  a 
Delayed  Through  Vehicle,  Feet  Per  Second 

6  Approach  Volume,  Vehicles  Per  Hour 

7  Opposing  Volume,  Vehicles  Per  Hour 

8  Right  Turns  in  the  Approach  Volume,  Percentage 

9  Left  Turns  in  the  Approach  Volume,  Percentage 

10  Approach  Through  Vehicles  Delayed,  Percentage 

11  Ratio  of  Approach  Volume  to  Approach  Capacity 

12  Ratio  of  Opposing  Volume  to  Opposing  Capacity 

13  Total  Volume,  Vehicles  Per  Hour 

14  Location,  Rural  or  Urban 


26 


TABLE  6 

MEANS  AND  STANDARD  DEVIATIONS  OF  THE  INDEPENDENT  VARIABLES 
DELAY  ANALYSIS,  STAGE  ONE 


Variable 


Mean 


Standard  Deviation 


2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 


0.47429 

11.14286 

50.72086 

42.82714 

223.97143 

198.71429 

24.62029 

7.32657 

11.16057 

20.23086 

16.3825  7 

422.68571 

0.31429 


1.95468 

1.14128 

15.25221 

13.64846 

109.30139 

136.12161 

16.03329 

7.52200 

10.15163 

11.39095 

11.42944 

232.72235 

0.47101 
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Table  6,  and  Che  coirelation  matrix  of  all  Che  variables  is  shown  in 

Table  7.   The  equation  lesulcing  from  this  analysis  was: 

SDH  =  -64.7  +  0.58  X^  -  0.31  X^  +  4.62  X,„ 
o         /         10 

these  variables  are  as  numbered  in  Table  5. 

This  equation  explained  79  percent  of  the  variability  in 
the  data.   In  this  equation,  the  percentage  of  through  vehicles  delayed 
(variable  10)  explained  59  percent  of  the  variability  in  the  data 
used  to  predict  SDH.   The  approach  volume  and  the  opposing  volume 
(variables  6  and  7)  each  explained  an  additional  13  percent  and  7 
percenC,  respecCively t    of  Chis  variabiliCy  when  they  entered  the 
equation. 

In  a  second  analysis  (Stage  2)  variables  6,  7,  11,  and  12,  as 
numbered  in  Table  5,  were  deleted.   These  variables  were  replaced  with 
Che  total  volume  and  Che  ratio  of  Local  volume  Co  Cotal  capaciCy.   This 
was  done  because  Local  volume  was  very  highly  correlated  with  the 
appioech  volume  and  the  opposing  volume,  0.935  and  0.959  respectively. 

The  independent  variables  considered  in  this  stage  are  shown 
in  Table  8.   The  means  and  standard  deviations  are  shown  in  Table  9, 
and  the  correlation  matrix  of  all  the  variables  is  shown  in  Table  10. 
The  equation  resulting  from  this  analysis  was: 
SDH  =  13. A  -  1.75  X„  +  7.57  Xin 

5  10 

these  variables  are  as  numbered  in  Table  8. 

This  equation  explained  68  percent  of  the  variability  in  Che  daca. 
In  this  equation,  the  percentage  of  Chrough  vehicles  delayed  (variable 
10)  explained  59  peicenc  of  Che  variability  in  Che  data  used  Co 
predtcC  SDH.   The  percenCage  of  righC  Curns  in  Che  approach  volume 
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TABLE  8 
INDEPENDENT  VARIABLES  -  DELAY  ANALYSIS,  STAGE  TWO 

Number  Variable  Description 

2  Grade  of  Approach,  Percentage 

3  Width  of  Approach,  Feet 

4  Average  Speed  Through  the  Study  Area  for  a 
Non-Delayed  Through  Vehicle,  Feet  Per  Second 

5  Average  Speed  Through  the  Study  Aiea  for  a 
Delayed  Through  Vehicle,  Feet  Per  Second 

8  Right  Turns  in  the  Approach  Volume,  Percentage 

9  Left  Turns  in  the  Approach  Volume,  Percentage 
10  Approach  Through  Vehicles  Delayed   Percentage 

13  Total  Volume,  Vehicles  Per  Hour 

14  Location,  Rural  or  Urban 

15  Ratio  of  Total  Volume  to  Total  Capacity 
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TABLE  9 

MEANS  AND  STANDARD  DEVIATIONS  OF  THE  INDEPENDENT  VARIABLES  - 
DELAY  ANALYSIS,  STAGE  TWO 


Variable 


Mean 


Standard  Deviation 


2 

3 

4 

5 

8 

9 

10 

13 

14 

15 


0.47429 
11.14286 
50.72086 
42.82714 
24.62029 

7.32657 

11.16057 

422.68571 

0.31429 
17.90800 


1.95468 

1.14128 
15.25221 
13.64846 
16.03329 

7.52200 

10.15163 

232.72235 

0.47101 
10.48885 
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(variable   8)   explained  an  additional    9  percent  of   this   variability 
when   it  entered    the   equation.      Since    the  percentage   of  through 
vehicles  delayed    (variable    10)   explained   59  percent  of  the   variability, 
an  attempt   to  predict   this   variable  was  made.      The   results,    however, 
were   not   considered   adequate  and    the   attempt  was   discontinued. 

In   the    third  and    final    stage,    variable    10,   as   numbered    in  Table 
8,  was  deleted   because    it  was  difficult    to  predict  and   therefore 
impractical   of  use    in  a  prediction  equation.      The  percentage  of  right 
turns    in   the  approach  volume    (variable   8)  was   also  deleted;    to  be 
replaced  with   the   number   of   right    turns    in    the   approach  volume. 
Variables    2,    3,    14, and    15,    as  numbered   in  Table   8,  were   also  deleted, 
because    they  did   not   contribute   significantly   to   the  previous   regression 
equations . 

The    independent   variables   used    in   this   stage  are   shown   in  Table 

11.      The  means   and    standard  deviations  are   shown   in  Table    12,    and   the 

correlation  mattix  of  all    the   variables    is   shown   in  Table    13.      The 

best  equation  resulting    from   this   analysis    (Stage   3)  was: 

SDH  »   -219.0  +  2.05  X.  +  0.37  X.   +   1.94  Xf 
5  2b 

these  variables  are  as  numbered  in  Table  11. 

This  equation  explained  76  percent  of  the  variability  in  the  data. 
In  this  equation,  the  number  of  right  turns  (variable  5)  explained 
56  percent  of  the  variability  in  the  data  used  to  predict  SDH.   The 
approach  volume  and  the  mean  speed  of  the  non-delayed  through  vehicles 
(variables  2  and  6)  each  explained  an  additional  10  percent  of  this 
variability  when  they  entered  the  equation.   Thus,  it  can  be  seen  that 
the  single  most  important  variable  in  predicting  SDH  in  this  equation 
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TABLE  11 
INDEPENDENT  VARIABLES  -  DELAY  ANALYSIS,  STAGE  THREE 

Number  Variable  Description 

2  Approach  Volume,  Vehicles  Per  Hour 

3  Approach  Through  Volume,  Vehicles  Per  Hour 

4  Total  Volume,  Vehicles  Per  Hour 

5  Number  of  Right-Turning  Vehicles  in  Approach 
Direction  Per  Hour 

6  Average  Speed  Through  the  Study  Area  for  a 
Non-Delayed  Through  Vehicle,  Feet  Per  Second 

7  Difference  Between  the  Non-Delay  Speed  and 
the  Delay  Speed,  Feet  Per  Second 
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TABLE  12 

MEANS  AND  STANDARD  DEVIATIONS  OF  THE  INDEPENDENT  VARIABLES  - 
DELAY  ANALYSIS,  STAGE  THREE 


Variable  Mean           Standard  Deviation 

2  223.97143  109.30139 

3  152.20000  85.51876 

4  422.68571  232.72235 

5  45.11429  26.27431 

6  50.72086  15.25221 

7  7.89371  6.88846 
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in   the   number   of  right- turning  vehicles    in   the  approach   traffic,    but 
the  approach  volume  and    the  mean  speed  of   the   non-delayed   through 
vehicles  also  made    important  contributions   to   the   result. 

This  equation  was   selected  as    the   beet  of  all    the  equations    from 
all   stages   of   the  analysis  because    the    independent  variables  have  a 
logical   connection  with   the  dependent  variable  and   because   the 
independent  variables   can  be  easily  obtained. 

In  the  Stage    1  and   Stage   2  analyses,    it  was   found   that   the   grade 
of   the    study  area   and   the  width  of    the  approach  roadway  did   not 
contribute   significantly    to   the   predicting  equations.      The  range  of 
grades  was   0  percent    to   8  percent,    and    the  range  of   the   approach 
widtha  was    10    feet   to   14   feet. 

Although   two  of  the    locations    in   this   analysis  were   rural,    the 
type   of   location,    rural   or  urban,   was  not   significant    in   the   equation. 
The   characteristics   of   through  vehicles   interacting  with   right-turning 
vehicles  were   observed   as   being  similar   at  access   points   and   at 
Intersections;    therefore ,  the    results  of   this   analysis,   although 
developed    from  data    taken  at    intersections,    should  also  be   useful 
at   access   points. 

It    is    important   to  note   that   it  becomes   risky    to  predict  a  Y-value 
(SDH)    from  some   given  X-values  when  X-values  outside   the    range  of 
the  X-values   used    in  obtaining   the    regression  equation  are   used, 
unless   one    is    reasonably  certain   that   the   regreasion  equation  exists 
for  a  wider   range  of  X-values.      In   the   selected   regression  equation 
the   X- variables  are    the  approach  volume,    the  number   of  right-turns 
in  the   approach   traffic,    and   the   mean   speed  of   the   non-delayed 
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through  vehicles.   Their  approximate  ranges  were,  respectively,  50 
to  550  vehicles  per  hour,  10  to  150  right-turns  per  hour,  and  37  to 
81  feet  per  second  (25  to  55  miles  per  hour). 

Accidents 

It  was  originally  hoped  that  the  same  type  of  regression  analysis 
could  be  applied  to  the  accident  data,  but  since  the  number  of 
accidents  considered  preventable  with  the  use  of  a  right- turn 
deceleration  lane  were  very  few  at  the  seven  study  sites  without 
deceleration  lanes,  it  was  not  possible  to  use  this  analysis  technique. 

Safety  is  an  important  aspect  of  today's  highway  design,   One 
of  the  main  objectives  of  the  traffic  engineer  is  to  provide  safer 
highways.   An  economic  analysis  is  frequently  performed  to  see  if  a 
safety  feature  should  be  included  in  the  design.   If  the  safety  feature 
is  economical  it  is  usually  included.   In  such  an  economic  analysis, 
however,  it  is  difficult  to  Include  all  benefits  at  a  dollar  value. 
Collision  costs  are  often  available  or  can  be  estimated,  but  it  is 
very  hard  to  evaluate  the  cost  of  injuries,  or  the  value  of  a  person's 
life,  or  the  social  costs  resulting  from  accidents. 

Although  it  was  found  that  accidents  involving  a  through  vehicle 
and  a  right-turning  vehicle  do  occur  at  locations  without  deceleration 
lanes  (Table  A),  it  was  not  possible  to  accurately  evaluate  economic 
benefits  that  would  accrue  from  a  reduction  in  the  number  of  these 
accidents . 

As  stated  previously,  there  were  no  accidents  involving  a  through 
vehicle  and  a  right- turning  vehicle  at  the  three  sites  with  deceleration 
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lanes,  but  at  the  seven  sites  without  deceleration  lanes  there  were 
a  total  of  nine  such  accidents,  property  damage  only  occurring.   The 
total  collision  costs  of  these  accidents  were  $2950;  $420  per  site 
for  the  seven  year  period  1963  through  1969,  or  $60  a  year  per  site. 
As  stated  above,  however,  the  number  of  accidents  at  a  site  were  very 
few  and  the  damage  resulting  was  quite  variable,  thus  precluding 
development  of  an  accurate  per  site  value. 

A  reduction  in  the  number  of  accidents,  however,  should  be 
considered  as  an  important  factor  in  marginal  situations  where  benefits 
from  less  delay  do  not  economically  justify  the  construction  of  a 
right-turn  deceleration  lane. 
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AN  ECONOMIC  WARRANT 

Development 

In  developing  an  economic  warrant  for  the  construction  of  a  right- 
turn  deceleration  lane,  an  evaluation  of  the  economic  value  of  the 
major  benefits  to  be  obtained  from  such  a  lane  -  reduced  delays  to 
through  vehicles  and  an  increase  in  safety  -  was  necessary.   In 
addition,  a  determination  of  the  annual  costs  of  constructing, 
operating  and  maintaining  such  a  deceleration  lane  had  to  be  determined. 
It  is  proposed  that  when  such  annual  dollar  benefits  equal  or  exceed 
such  annual  dollar  costs,  an  economic  warrant  for  construction  of  a 
right-turn  deceleration  lane  would  exist. 

A  regression  equation  was  developed  that  predicts  the  seconds 
of  delay  per  hour  to  the  approach  through  traffic;  however,  it  was 
not  possible  to  develop  a  similar  equation  for  the  prediction  of  the 
reduction  in  accidents  that  could  be  expected  from  construction  of  a 
right-turn  deceleration  lane.   Therefore,  an  economic  warrant  using 
only  benefits  from  the  reduction  in  delay  is  proposed,  with  considera- 
tion of  improvement  in  safety  relegated  to  an  additional  supporting 
factor  status. 

Savings,  economic  benefits,  from  a  reduction  in  delays  can  be 
divided  into  two  parts:   (1)  time  costs,  and  (2)  operating  costs.   These 
two  parts  can  be  divided  further  into  passenger  vehicle  and  commercial 
vehicle  costs.   Operating  costs  also  vary  with  different  speeds. 
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Several  sources  (2,  4,  6,  9)  were  consulted  for  determining  time 
value  and  operating  costs.   The  value  of  time  and  the  operating 
costs  developed  from  these  sources  and  used  in  this  research  are  shown 
in  Table  14.   The  cost  for  constructing  a  deceleration  lane  in  Indiana 
was  determined  to  be  $5.50  per  square  yard  for  a  flexible  pavement 
where  the  shoulder  of  the  highway  is  available  for  such  construction. 
This  is  the  typical  situation  where  a  deceleration  lane  is  to  be 
added  to  an  existing  highway  of  rural  design. 

Application 

The  application  of  the  economic  warrant  consists  of  comparing  the 
savings  from  a  reduction  in  delay  with  the  costs  of  constructing, 
operating  and  maintaining  a  deceleration  lane. 

The  proper  design  for  a  deceleration  lane  is  given  in  the  AASHO 
Policy  Manual  (1).   It  includes  a  taper  and  a  full  width  lane.   This 
design  is  shown  in  Figure  6.   The  length  of  the  deceleration  lane  is 
governed  by  the  average  running  speed  on  the  approach  and  a  design 
speed  of  fifteen  miles  per  hour  for  the  r ight- turning  movement. 

In  the  two  examples  that  follow,  the  highways  were  of  rural  design 
and  adequate  shoulder  and  right-of-way  existed;  if  these  conditions 
do  not  exist,  then  the  cost  of  acquiring  right-of-way  and/or  any 
additional  costs  of  construction  must  be  added  to  the  costs  of  the 
deceleration  lane. 

Example  1 
The  location  used  in  this  example  is  shown  in  Figure  17;  this 
is  a  rural  location  with  a  speed  limit  of  50  miles  per  hour. 
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The  1969  values  of  the  variables  determined  in  this  study  and  used 
to  predict  the  delay  (SDH)  were: 

Number  of  right  turns  =  146  per  hour 

Approach  volume  =  323  vehicles  per  hour 

Mean  speed  of  non-delayed  through 

vehicles  ■  68  feet  per  second  (46  miles  per  hour) 
The  resulting  value  of  SDH  was: 

SDH  =  332  seconds  of  delay  per  hour  to 

the  approach  through  traffic. 

The  economic  analysis  performed  to  see  when  the  benefits  from  a 
iight-turn  deceleration  lane  would  repay  the  costs  at  this  location 
is  shown  in  Table  15.   The  analysis  was  performed  for  two  different 
analysis  periods,  5  years  and  10  years.   Two  different  length  years 
were  also  used  to  expand  SDH  to  the  number  of  hours  of  delay  per  year. 
A  year  of  260  days,  the  number  of  work  days,  and  a  year  of  365  days 
were  used.   Dsing  365  days  a  year  assumes  that  delays  on  weekends  will 
be  at  least  as  great  as  the  delays  recorded  in  the  field  on  weekdays. 

The  economic  analysis  showed  that  the  costs  of  a  deceleration 
lane  would  be  repaid  within  a  five  year  period  of  260  days  per  year 
using  the  1969  values  of  the  variables.   The  values  of  the  variables 
will  probably  increase  during  the  analysis  period;  therefore,  a  higher 
average  value  of  the  variables,  which  would  result  in  higher  economic 
benefits,  could  have  been  used  for  the  analysis. 

Example  2 
The  location  used  in  this  example  is  shown  in  Figure  19;  this 
is  of  rural  design  with  a  speed  limit  of  30  miles  per  hour.   The  1969 
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TABLE  15 
ECONOMIC  ANALYSIS  -  EXAMPLE  1 


DELAY 

SDH 

Hourly  delay  for  a 
260  day  year 

Hourly  delay  for  a 
365  day  year 

332 

288 

404 

BENEFITS  FROM  LESS  DELAY* 

Hourly 

Total  for  a 
260  day  year 

Total  for  a 
365  day  year 

$2.62 

$755 

$1058 

TOTAL  COSTS  OF  A  RIGHT-TURN  DECELERATION 

LANE** 

Annually 
5  year  pe 

for 

riod 

a 

I 

Annually  for  a 
10  year  per  iod 

$580 

GENERAL  MODEL 

$330 

Rpn* fits 

Z 

■OH  rsDm  r$2.62^ 

"  3600    N    '  VT     ' 

where     SDH  =  seconds  of  delay  per  hour  to  the  approach  through 
traffic  caused  by  right- turning  vehicles 

z  =  the  number  of  days  per  year  (260  or  365) 

Costs  =  [I  (erf  -  6%  -  n)J  (1.15) 
where    I  =  initial  costs 

erf  -  6  -  n  =  capital  recovery  factor  at  6%  for  n  years. 


♦Traffic  composed  of  10  percent  commercial  vehicles 
♦♦Construction  costs;  6  percent  interest  costs;  and  maintenance 
and  operational  costs  of  15  percent  of  the  annual  capital  costs. 
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values  of  Che  variables  determined  in  this  study  and  used  to  predict 
the  delay  (SDH)  were: 

Number  of  right  turns  =  48  per  hour 

Approach  volume  =  203  vehicles  per  hour 

Mean  speed  of  non-delayed  through 

vehicles  =  46  feet  per  second  (31  miles  per  hour) 
The  resulting  value  of  SDH  was: 

SDH  =  43  seconds  of  delay  per  hour  to  the 

approach  through  traffic. 

The  economic  analysis  performed  to  see  when  the  benefits  from  a 
right-turn  deceleration  lane  would  repay  the  costs  at  this  location 
is  shown  in  Table  16.   The  analysis  was  performed  for  the  same  analysis 
periods  as    in  the  previous  example.   In  this  example  an  annual  increase 
of  three  percent  was  assumed  to  take  place  during  the  analysis  periods 
for  the  number  of  right  turns  and  the  approach  volume. 

The  economic  analysis  showed  that  the  costs  of  a  deceleration 
lane  would  be  repaid  within  a  ten  year  period,  but  for  a  five  year 
period  the  benefits  from  a  deceleiation  lane  did  not  equal  the  costs 
of  a  deceleration  lane.   However,  only  benefits  from  a  reduction 
in  delays  for  the  daylight  hours,  6  A.M.  to  6  P.M.,  were  included. 
Consideration  of  the  savings  from  a  reduction  in  night  time  delays  and 
from  fewer  accidents  would  probably  provide  sufficient  benefits  to 
repay  the  costs  of  a  deceleration  lane  within  a  five  year  period  for 
this  example. 

In  the  previous  two  examples,  the  economic  analysis  was  performed 
for  analysis  periods  of  five  years  and  ten  years.   A  ten  year  life 
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TABLE  16 
ECONOMIC  ANALYSIS  -  EXAMPLE  2 


AVERAGE  DELAY  FOR  THE  INDICATED  TIME  PERIOD 

SDH         Hourly  delay  for  a      Hourly  delay  for  a 
260  day  year  365  day  year 

1969-1974    57  49  69 

1969-1979    75  65  91 

BENEFITS  FROM  LESS  DELAY  FOR  THE  INDICATED  TIME  PERIOD* 
Hourly 

1969-1974   $2.27 
1969-1979    $2.27 

TOTAL  COSTS  OF  A  RIGHT-TURN  DECELERATION  LANE** 

Annually  for  a  Annually  for  a 

5  year  period  10  year  period 

$225  $130 


♦Traffic  composed  of  10  percent  commercial  vehicles. 
**Cons truct ion  costs;  6  percent  interest  costs;  and  maintenance  and 
operational  costs  of  15  percent  of  the  annual  capital  costs. 


Total  for  a 

Total  for  a 

260  day  year 

365  day  year 

$112 

$157 

$148 

$207 
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for  a  deceleration  lane  Is  probably  less  than  actually  can  be  expected. 
The  annual  costs,  therefore,  of  a  deceleration  lane  would  probably  be 
lower  than  calculated  in  the  two  examples.   The  results  of  these 
examples,  however,  illustrate  the  short  periods  of  time  within  which 
benefits  often  will  repay  the  costs  of  a  deceleration  lane. 

In  the  two  previous  examples,  SDH  was  calculated  by  using  the 
developed  predicting  equation.   After  calculating  SDH,  it  was  then 
possible  to  proceed  with  an  economic  analysis  and  compare  the  benefits 
with  the  costs  of  a  deceleration  lane.   In  order  to  facilitate  the 
use  of  an  economic  warrant,  three  charts  (Figures  7,  8,  and  9)  were  pre- 
pared.  These  charts  show  the  conditions  under  which  the  benefits  will 
repay  the  costs  of  a  deceleration  lane  for  several  analysis  periods. 

These  charts  were  prepared  for  the  three  speeds  of  30,  40,  and 
50  miles  per  hour.   To  determine  a  value  for  benefits  it  was  assumed 
that  the  traffic  was  composed  of  10  percent  commercial  vehicles.   To 
use  the  charts,  three  variables  must  be  known;  (1)  the  speed  of 
vehicles  on  the  approach  (design  speed,  speed  limit,  or  average 
speed  of  highway)  and  this  must  be  approximately  30,  40,  or  50 
miles  per  hour,  (2)  the  approach  volume  In  vehicles  per  hour,  and 
(3)  the  number  of  right  turns  per  hour  In  the  approach  traffic. 
The  values  of  the  approach  volume  and  number  of  right  turns  should 
be  average  values  that  occur  during  the  daylight  hours,  6  A.M.  to 
6  P.M. 

The  construction  costs  used  In  preparing  these  charts  were  $5.50 
per  square  yard  for  a  rural  deceleration  lane  of  AASHO  minimum  design 
(1)  on  a  location  with  adequate  shoulders  and  right-of-way,  6  percent 
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interest,  and  an  annual  maintenance  and  operational  cost  of  15 
percent  of  the  annual  capital  costs. 

On  the  charts,  points  which  result  from  specific  values  for  approach 
volume  and  number  of  right  turns  and  which  lie  in  the  area  above  or 
to  the  right  of  a  line  representing  a  specified  analysis  period, 
indicate  that  the  benefits  will  repay  the  costs  of  a  deceleration  lane 
within  the  specified  analysis  period.   Conversely,  if  the  resulting 
point  lies  in  the  area  below  or  to  the  left  of  such  a  line,  the  benefits 
will  not  repay  the  costs  of  a  deceleration  lane  within  the  specified 
analysis  period.   However,  it  is  important  to  note  that  this  last 
interpretation  does  not  necessarily  mean  that  it  is  not  economical 
to  construct  a  deceleration  lane.   The  estimated  service  life  of  the 
deceleration  lane  should  be  used  as  the  period  of  time  over  which  to 
calculate  the  annual  costs,  if  a  true  economic  analysis  is  desired. 

To  illustrate  the  use  of  the  charts,  the  two  previous  examples 
are  presented  again. 

Example  1 

Number  of  right  turns  =  146  per  hour 

Approach  volume  ■  323  vehicles  per  hour 

Mean  speed  of  non-delayed  through  vehicles  =  46  miles  per  hour 

Using  the  chart  for  a  speed  of  50  miles  per  hour  and  the  above 
values  of  the  two  variables  it  can  be  seen  that  the  resulting  point 
lies  in  an  area  that  states  that  the  benefits  will  repay  the  costs 
of  the  deceleration  lane  within  a  5  year  period.   This  is  in  agreement 
with  the  conclusion  reached  previously. 
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Example  2 

Average  number  of  right  turns  for  the  five  year 

period  1969  to  1974  *  52  per  hour 

Average  approach  volume  for  the  five  year  period 

1969  to  1974  =  219  vehicles  per  hour 

Mean  speed  of  non-delayed  through  vehicles  =  31  miles  pet  hour. 

Using  the  chart  for  a  speed  of  30  miles  per  hour  and  the  above 
values  of  the  variables  it  can  be  seen  that  the  resulting  point  lies 
in  an  area  that  states  that  the  benefits  will  not  repay  the  costs  of  a 
deceleration  lane  within  a  five  year  period. 

Average  number  of  right  turns  for  the  ten  year  period 

1969  to  1979  -  57  per  hour 

Average  approach  volume  for  the  ten  year  period 

1969  to  1979  =  238  vehicles  per  hour 

Mean  speed  of  non-delayed  through  vehicles  =  31  miles  per  hour. 

Using  the  chart  for  a  speed  of  30  miles  per  hour  and  the  above 
velues  of  the  variables  it  can  be  seen  that  the  lesulting  point  lies 
in  an  area  that  states  that  the  benefits  will  repay  the  costs  of  a 
deceleration  lane  within  a  ten  year  period.   This  is  also  in  agreement 
with  the  conclusion  reached  previously. 
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RESULTS  AND  FINDINGS 

The  results  and  findings  of  this  research  project,  which  developed 
an  economic  warrant  for  the  construction  of  right-turn  deceleration 
lanes,  are  as  follows: 

1.  Delays  caused  by  right-turning  vehicles  to  through  vehicles 
are  almost  totally  eliminated  at  locations  with  deceleration 
lanes. 

2.  Accidents  involving  a  through  vehicle  and  a  right- turning 
vehicle  did  not  occur  at  the  three  study  locations 

with  deceleration  lanes;  however,  a  few  such  accidents  did 
occur  at  almost  every  study  location  without  deceleration 
lanes. 

3.  An  equation  was  developed  that  predicts  the  amount  of  delay 
at  a  location  for  the  daylight-weekday  hours,  Monday  through 
Friday,  6  A.M.  to  6  P.M.   This  equation  is: 


where 


SDH  =  -219.0  +  2.05  Xc  +  0.37  X„  +  1.94  X^ 
j         -         o 


SDH  -  the  seconds  of  delay  per  hour  to  the  approach 

through  traffic  caused  by  right- turning  vehicles 

X^  =  the  number  of  right  turns  pet  hour  in  the 
approach  traffic 

X  ■  the  approach  traffic  in  vehicles  per  hour 
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X  =  the  mean  speed  of  the  non-delayed  through 
6 

vehicles  In  feet  per  second 
This  equation  explained  76  percent  of  the  variability  in 
the  data  used  to  predict  SDH.   Variable  X   is  the  most 
significant  variable  in  the  predicting  equation;  however, 
variables  X  and  X,  also  make  important  and  approximately 
equal  contributions  to  the  equation. 

4.  In  the  development  of  the  prediction  equation, 
variables  that  were  found  to  be  unimportant  were: 

a)  The  grade,  with  a  range  of  0  percent  to  8 
percent,  had  a  correlation  of  -0.090  with 
delay. 

b)  The  width  of  approach,  with  a  range  of  10  feet 

to  14  feet,  had  a  correlation  of  -0.045  with  delay. 

c)  The  location,  rural  or  urban,  had  a  correlation 
of  0.206  with  delay. 

5.  Accidents  occurring  at  the  study  locations  were  too  few 

in  number  and  too  variable  by  location  to  permit  development 
of  a  reliable  prediction  equation. 

6.  This  research  proposes  that  an  economic  warrant  be  used 
for  determining  when  a  right-turn  deceleration  lane  should 
be  constructed.   Such  construction  becomes  feasible  when 
the  annual  economic  benefits  resulting  from  decreased 
daytime  delays  are  equal  to  or  exceed  the  annual  costs  of 
constructing,  operating  and  maintaining  such  a  lane. 
Benefits  from  fewer  accidents  and  less  night  time  delay 
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should  be  considered  in  marginal  situations  where  benefits 
from  less  delay  during  the  daylight  hours,  6  A.M.  to  6  P.M., 
do  not  justify  the  construction  of  a  right-turn  deceleration 

lane. 
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SUGGESTIONS  FOR  ADDITIONAL  RESEARCH 

During  the  conduct  of  this  research,  several  suggestions  for 
additional  research  have  been  noted.  The  more  important  of  these 
are: 

1.  An  equation  to  predict  delay  (SDH)  was  developed  for 
the  daylight-weekday  hours,  Monday  through  Friday, 

6  A.M.  to  6  P.M.   Inclusion  of  delays  during  night  time 
hours  and  for  weekends  would  be  valuable  for  more 
accurately  estimating  total  benefits. 

2.  A  reliable  equation  to  predict  the  number  of  accidents 

at  a  location  could  not  be  developed  because  data  available 
was  too  little  and  too  variable.   A  reliable  prediction 
method  for  accidents,  however,  is  desirable. 

3.  Delays  to  through  vehicles  caused  by  right-turning  vehicles 
were  measured  in  the  field.   It  is  suggested  that  simulation 
could  be  used  to  determine  average  delays  to  through  vehicles 
caused  by  right- turning  vehicles.   Such  a  technique  could  be 
used  to  extend  the  findings  of  this  research  to  highways 
with  other  volumes. 
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GEOMETRICS  OF  THE  STUDY  LOCATIONS 


58 


59 


UJ 

o 

CD 

2 

Q_ 

O 

X 
CO 

CM 

cc 
< 

1 

cr 

LxJ 

00 

Z) 

CO 
CO 

ro 

LU 
h- 
V) 

a: 

CO 

i 

UJ 

q: 

CD 
U_ 


60 


61 


62 


63 


64 


65 


66 


67 


